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The role of eNOS deficiency in 
diabetic nephropathy
Nitric oxide (NO) is a free radical that mediates diverse 
functions in a range of biological systems. NO is produced 
by a family of nitric oxide synthase (NOS) enzymes to 
catalyze the stoichiometric fi ve-electron oxidation of the 
terminal quanidino group of l-arginine to produce NO and 
l-citrulline. Th ree NOS isoforms have been distinguished in 
mammalian species: neuronal NOS; inducible NOS, which 
is expressed in a variety of activated tissues; and endothelial 
NOS (eNOS). In the vasculature, NO is mostly generated 
by eNOS, and the generated NO plays a crucial role in 
maintaining vascular homeostasis, including vascular 
tone, leukocyte adhesion to endothelium, proliferation of 
vascular smooth muscle cells, and platelet aggregation and 
adhesion to the vessel wall.
Recent studies have implicated dysfunctional eNOS 
as a common pathogenic pathway in diabetic vascular 
complications. However, the functional consequences are 
still incompletely understood. To determine the role of 
eNOS-derived NO in diabetic nephropathy, researchers 
induced diabetes in eNOS knockout (KO) and wild-type 
(WT) mice on the C57BL/6 background, using low-dose 
streptozotocin injection, and investigated their glomerular 
phenotype at up to 20 weeks of diabetes 
(Figure 1). Although the severity of hyperglycemia in 
diabetic eNOS KO mice was similar to that in diabetic 
WT mice, diabetic eNOS KO mice developed overt 
albuminuria, hypertension, and glomerular mesangiolysis, 
whereas diabetic WT and nondiabetic control mice did not. 
Glomerular hyperfi ltration was also signifi cantly reduced 
in diabetic eNOS KO mice. Electron micrographs from 
diabetic eNOS KO mice revealed an injured endothelial 
morphology, thickened glomerular basement membrane, 
and focal foot process eff acement. Furthermore, the anionic 
sites at the glomerular endothelial barrier, estimated by 
cationic ferritin binding, were reduced in diabetic eNOS KO 
mice (Figure 2). Th ese results demonstrate that defi ciency 
of eNOS-derived NO causes glomerular endothelial injury 
in diabetes and results in overt albuminuria and glomerular 
mesangiolysis in nephropathy-resistant inbred mice. Such 
fi ndings indicate a vital role for eNOS-derived NO in the 
pathogenesis of diabetic nephropathy. (Am J Pathol 2007; 
170: 1473–1484)
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Plasmin(ogen) promotes renal 
interstitial fibrosis by inducing 
epithelial-to-mesenchymal 
transition
Plasminogen activator inhibitor-1 (PAI-1) is an 
important fibrosis-promoting molecule, but it is unclear 
whether this effect can be attributed to its activity as an 
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 Figure 1 |Renal histopathology in diabetic eNOS KO mice.  
STZ, streptozotocin; PAS, periodic acid silver (PAS) stain. ; PAM, periodic 
acid methenamine (PAM) stain.
Figure 2 |Cationic ferritin binding to glomerular wall. Reprinted from 
Am J Pathol 2007; 170: 1473–1484, with permission from the American 
Society for Investigative Pathology.
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inhibitor of plasmin generation. In a new study, Zhang 
et al. investigated the role of plasminogen (Plg) in renal 
fibrosis using in vivo and in vitro approaches. Plg-
deficient (Plg–/–) and wild-type (Plg+/+) C57BL/6 mice 
were subjected to unilateral ureteral obstruction or sham 
surgery. The authors found that total kidney collagen 
significantly decreased in the Plg–/– mice after 21 days of 
unilateral ureteral obstruction. In addition, epithelial-to-
mesenchymal transition (EMT), as typified by tubular loss 
of E-cadherin and acquisition of α-smooth muscle actin, 
also significantly decreased in Plg–/– mice. Attenuation 
of EMT and fibrosis severity in the Plg–/– mice was 
associated with significantly lower levels of phosphorylated 
extracellular signal-regulated kinase (ERK) and active 
transforming growth factor-β. In vitro, addition of plasmin 
to cultures of murine tubular epithelial cells initiated ERK 
phosphorylation within minutes, followed by phenotypic 
transition to fibroblast-specific protein-1+, α-smooth 
muscle actin+, fibronectin-producing fibroblast-like cells. 
Importantly, both plasmin-induced ERK activation and 
EMT were significantly blocked in vitro by the protease-
activated receptor-1 (PAR-1) silencing RNA; by pepducin, 
a specific anti-PAR-1 signaling peptide; and by the ERK 
inhibitor UO126. Moreover, plasmin-induced ERK 
phosphorylation was enhanced in PAR-1-overexpressing 
tubular cells. These findings suggest important profibrotic 
roles for plasmin that include PAR-1-dependent ERK 
signaling and EMT induction. (J Am Soc Nephrol 2007; 18: 
846–859)
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Renal responses to 
lipopolysaccharide in HO-1–/– mice
Lipopolysaccharide (LPS) induces the stress-responsive 
gene heme oxygenase-1 (HO-1). A new study by Tracz et al. 
examines the signifi cance of HO-1 in response to LPS. In 
HO-1–/– mice, as compared with HO-1+/+ mice, LPS caused 
a greater reduction in glomerular fi ltration rate and renal 
blood fl ow, increased renal cytokine expression, and increased 
activation of nuclear factor-κB (NF-κB). Conversely, when 
exposed to LPS, HO-1-overexpressing renal epithelial cells 
showed blunted activation of NF-κB and phosphorylation of 
its inhibitor, IκB. In HO-1–/– mice as compared with HO-
1+/+ mice, LPS also elevated serum levels of Th 1 cytokines, 
Th 2 cytokines, chemokines, and cytokines that stimulate 
bone marrow progenitors. Th e liver, a major source of serum 
cytokines, showed an increased activation of NF-κB in LPS-
treated HO-1–/– mice. In addition, LPS provoked widespread 
apoptosis of immune cells in the spleen and thymus (Figure) 
in HO-1–/– mice but not in HO-1+/+ mice. Th e authors 
conclude that HO-1 defi ciency exhibits a heightened 
and dysregulated infl ammatory response to LPS, greater 
impairment in renal hemodynamic response, and widespread 
apoptosis of immune cells. Because polymorphisms in the 
HO-1 gene with diminished HO activity predispose to human 
disease, these fi ndings may be relevant to clinical outcomes in 
patients with sepsis syndromes. (Am J Pathol advance online 
publication, 13 April 2007, doi:10.2353/ajpath.2007.061093)
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Figure | Histological examination of the thymus stained with H&E.
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